 death, respectively. (Folia Morphol 2017; 76, 3: 484-490) 
INTRODUCTION
Sternum is embryologically formed by the fusion of sternal ossification centres located in the manubrium, as well as in the mesosternum. Sternal foramen (SF) represents a congenital anatomic defect, occurring as a result of an impaired and incomplete ossification centre fusion. The first description of the SF was conducted by Massa in 17 th century. Also, Eustachius belongs to the group of pioneers, who noticed and described this important anatomic variation [2] .
The presence of a SF has been described several times. The incidence of the SF varies remarkably among different studies in the literature, being reported from 0.06% up to 18.3% [3-5, 8, 9, 12, 18-21, 24, 26, 30] . Its anatomic localisation is observed in the inferior portion of the sternum and basically in the xiphoid process [8, 13, 21, 30] . Pseudoforamen constitutes a rare morphological type of the SF, being described in only 2 studies [11, 30] . The SF usually appears to be a round or oval-shaped orifice with smooth surrounding osseous borders [6, 13, 18] .
The aim of this article is to provide baseline statistical data about the variations of the SF, to present a short review of the relevant literature and to compare results with other studies and populations. Furthermore, we report 2 unique anatomic cases: a foramen with a rare morphological pattern, considerably different from other similar reported cases, as well as a sternum with pseudoforamen in the sternoxiphoidal junction. Clinical and forensic significance of this anatomic variation is shortly discussed.
MATERIALS AND METHODS
Our study was conducted at the Laboratory of Anatomy, Medical School of Alexandroupolis, Faculty of Health Sciences, Democritus University of Thrace, Alexandroupolis, Greece. The ethics of our study are in accordance with the Greek legislation about ethical standards. These anatomic variations were observed during routine anatomical research. A total of 35 well-preserved dried sterna were measured, 20 men and 15 women with a mean age of 55 ± 6 years old. Specimens were from Northern Greece and especially from the prefecture of Eastern Macedonia and Thrace. Five of the sterna featured a single SF, while, in 2 cases, special anatomic characteristics and a rare entity were respectively observed. Only 2 sterna were excluded due to gross morphological malformations.
These unique SF were initially visually examined, so that exact anatomic localisation and periforaminal osseous characteristics could be described. A typical morphological analysis was conducted after visual examination, in order to better identify our findings. For this purpose a digital calliper of 0.01 mm accuracy was employed (Fig. 1) . Photographic documentation and elementary statistical analysis were finally conducted.
RESULTS

Data analysis
The incidence of the SF in the 35 dried specimens was 14.2% (one decimal place approach). SF were observed in 4 men (20% of male sample) and 1 woman (6.6% of female sample) and 80% of sternal foramina were observed in male individuals. SFs were found in the sternum body (2 cases, 40% of foramina), in xiphoid process (2 cases, 40% of foramina) and in sternoxiphoidal junction (1 case, 20% of foramina). All of the sterna presented 1 single visible SF. Two anatomically unique cases were identified throughout these 5 sterna, both belonging in male subjects.
Special cases
The first case involves a SF in the sternum body. It is located in the midline, at the level of the 4 th costal space, with noticeable proximity to the adhesion of 5 th costal cartilage (junction of 3 rd and 4 th sternebrae). The shape of the foramen is roughly ellipsoid, with the superior apex directed superiorly and right to the 4 th costal cartilage, and the inferior apex directed inferiorly and left to the 5 th costal cartilage adhesion. The inferior bony border is smooth, whereas, concerning the superior bony edge, the right third is smooth and the two left thirds are extremely irregular. This periforaminal irregularity is also observed in the inferior apex, so that the apex obtains a bracket-shape (Fig. 1) . Morphometrically, vertical distance of the foramen from the imaginary line connecting the supe- The second case involves a sternal pseudoforamen observed in sternoxiphoidal junction. The characteristics of the foramen are observable in the anterior sternal surface. However, the posterior surface lacks of these characteristics, presenting a continuous bony surface along the sternoxiphoidal junction (Fig. 2) . The shape of the foramen is, in the anterior view, trapezoidal, with base (right bony border) being vertical to the adhesion of right, and, the other side (left bony border), being vertical to the adhesion of the left 7 th costal cartilage. Superior and inferior bony borders are oblique, merging these sides. Periforaminal bony borders are smooth, presenting no irregularities. Morphometrically, distance of the foramen from the right and left sternal border are measured 15.53 mm and 12.29 mm, respectively. Vertical diameter of the foramen is 3.8 mm while transverse diameter is measured 1.94 mm.
DISCUSSION
Anatomy and embryology
The sternum constitutes the anterior middle portion of the thoracic cage, being anatomically divided in three parts: the manubrium, the body, and the xiphoid process. The manubrium lies superiorly, characterised by the presence of the suprasternal notch in the midline and the clavicular notches laterally. Lateral articulations of the manubrium include articulations with the sternal end of the clavicle via clavicular notches, as well as articulations with the 1 st and 2 nd costal cartilages via the 1 st and superior portion of the 2 nd costal notches. Inferiorly, the manubrium articulates with the body of sternum in the manubriosternal joint. The body of the sternum is curved anteriorly and hollow posteriorly, being articulated superiorly with the manubrium (manubriosternal joint), inferiorly with the xiphoid process (sternoxiphoidal joint) and laterally with the 2 nd (only inferior portion) to 7 th (only superior portion costal cartilages). The xiphoid process constitutes the most distal and short part of the sternum, featuring great amplitude of variations. It is articulated superiorly with body of sternum (sternoxiphoidal joint) and laterally with the inferior portion of 7 th costal cartilage [11, 27, 29] .
Sternum is embryologically developed from the chondrification of the bilateral sternal plates. The inception of fuse of sternal plates with the ribs is chronologically in 10 th week of intrauterine life placed. Subsequently, sternal bone ossification is accomplished by endochondral ossification, a procedure regulated from specific ossification centres, localised in the manubrium (one ossification point), and, in the mesosternum (three ossification points). Ossification is conducted along specific segments in the mesosternum, known as sternebrae [5] . Sternum is subjected to size and morphologic alterations until 30 th year, while segmental fusion may be extended until 25 th year of the life [10, 28] . Sternal foramina constitute specific anatomic defects in sternum. Their presence indicates an impaired fusion of ossificated segments, occurring theoretically either in an anatomical part of the sternum (i.e. SF in body representing incomplete fusion of adjacent sternebrae), or in sternal joints (manubriosternal or sternoxiphoidal) [9, 21, 30] . However, presence of SF in the manubriosternal junction has not been described.
Incidence and localisation of sternal foramina
Incidence of SF features great amplitude among the different studies in the literature. Reported data is summarised in Table 1 . This amplitude is the result of multiple radiological (with either radiographic or computed tomography [CT] or multiple detector CT [MDCT] evaluation), cadaveric, or anatomic (dry specimens evaluation) studies. Reported incidence ranges from 0.06% to 18.3%. Prevalence of SF is reported from 0.06% up to 11.6% in radiological studies [4, 5, 8, 18, 20, 24, 26, 30] , 6.7% to 16 .6% in cadaveric studies [3, 9, 19] , and 13.8% and 18.3% in the 2 published anatomic studies, conducted in dry specimens [12, 21] . SFs were observed in 5 of 35 sterna (14.6% of dried specimens) in the present study. This finding is in agreement with the results of the other 2 anatomic studies, with our percentage being between the reported in the latter studies. Prevalence of SF is reported under 11.3% in all radiological and 2 of the 3 cadaveric studies. The higher incidence reported in anatomic studies (and in the last cadaveric) could be attributed to the small sample utilised.
Prevalence of SF features an important correlation with the sex, being reported mainly in male subjects among the studies [8, 18, 25] . SF may be even only in males encountered [18] . Most recent data indicate a male:female ratio 2.5:1 among the subjects featuring a SF [8] . In our study this ratio was measured 4:1.
Anatomic localisation of the SF is variable (Fig. 3) . SF is basically observed in midline, in the lower third of sternum. Xiphoidal foramen constitutes the most common type of sternal foramen and, concerning SF in body, it is fundamentally observed in 5 th intercostal segment [8, 11, 13, 21, 30] . However, prevalence of SF in body is reported to be higher than this in xiphoid process in specific studies [5, 12] . In our study, SFs were, in 60% of the sterna with SF, in xiphoid process, while, in 40%, in the body of the sternum detected. Our data are in agreement with the other studies, as can be confirmed in Table 2 .
Case analysis and radiological impact
Concerning the first case, originality is identified in the periforaminal osseous characteristics. Morphometric characteristics of the SF, are, despite their great variability in localisation, impressively similar. SF is CT -computed tomography, MDCT -multiple detector computed tomography; SF -sternal foramen typically described as a round or oval-shaped defect with smooth periforaminal edges [6, 18] . Dimensions of the foramen are in average 6 mm. However, in this case, the observed irregularity is in complete contrast to the classical description of a SF. It has been reported that SF may occasionally mimic lytic lesions, appearing as a focal defect with photopoenia [11, 17] . These lytic lesions may present secondary to infections or represent either primary neoplastic lesions or metastatic foci. In any case, these lesions are anatomically and radiologically characterized by irregular margins [11] .
To our best knowledge, this is the first description of a SF with irregular bony margins and abnormal shape. This characteristic, if present, may considerably complicate radiological differential diagnosis of SF between lytic lesions, characterised therefore by great radiological significance. In this case, determination of this lesion with cross sectional imaging may not possibly be accomplished, since radiological characteristics of SF and lytic lesions present remarkable similarity. Radiologists and clinicians should be therefore aware of this special type of foramen, in order to avoid misdiagnosis. Radiological presence of a lesion with the analysed characteristics may constitute a congenital SF and not necessarily a lytic lesion. The case of a congenital sternal foramen should be radiologically hypothesized and included in differential diagnosis.
On the other side, the second case involves a pseudoforamen located in sternoxiphoidal junction. Prevalence of the sternal pseudoforamen (a special and autonomically described of SF) in the sternoxiphoidal junction has been only two times reported, being 0.01% and 3.3% [30] . In addition, this rare type of foramen has been described as a special case in another study [11] . In our study, prevalence of pseudoforamen was 2.8%, a percentage between the other two studies, despite the small sample used.
Except for the reported, SF feature an even greater range in terms of their coexistence and size. Reported special anatomic variations concerning SF are summarized in Table 3 . Diameters of foramina as measured among the different studies are mentioned in Table 4 .
Clinical and forensic significance
Sternal foramen constitutes asymptomatic congenital defects, which can be manifested only by CT [13, 23] . This characteristic constitutes a fundamental parameter, with which clinicians should be familiar. Gossner [15] studied the anatomic relationship of SF to intrathoracic structures in 15 patients, reporting that lung parenchyma constituted the adjacent structure in the majority of patients (53.3%) presenting SF. Mediastinal fat featured secondarily remarkable proximity to SF (33.3%), while, heart was the adjacent anatomical structure in only 20% of patients. In absolute contrast to these results, Boruah et al. [8] reported that, in 137 patients presenting SF, directly adjacent anatomical structure was fundamentally mediastinal fat (53.5%), secondarily anterior pericardium (32.1%) and, only in 14.6% of patients, lung parenchyma. Cases of fatal cardiac tamponade due to acupuncture or sternal marrow aspiration have been satisfactorily described in the literature [7, 11, 16] . Nevertheless, provocation of pneumothorax has not been described. Consequently, perforation of cardiac vessels, or, in case of deeper insertion of the needle, of pericardium, large thoracic vessels and right ventricle seem to constitute major risks in bone marrow aspiration or acupuncture, in case of presence of sternal foramen [13, 21] . Sternal marrow puncture should therefore be under strict precautionary measures conducted. Needle insertion in the upper two thirds of sternal body and radiologic contribution preoperatively and during aspiration (CT-guidance) are recommended, in order to minimize the severe life-threating complications [12, 15, 23] . In terms of acupuncture, entry point CV-17, also known as Shazong, is anatomically located in the midline, at the transverse levels of nipples. Avoidance of needle vertical insertion in this point is necessary [8] .
Possible presence of SF may even complicate forensic investigation [14] . Forensic investigation could be misled by misinterpretation of presented SF as bullet (entry point) or other traumatic penetrating injury. Proper forensic evaluation is essential particularly in cases of suicide and homicide, so that exact cause of death can be determined [8, 21] . In terms of anthropology, antemortem radiologic evaluation of victim, included in medical record, can fundamentally contribute in identification [21] .
CONCLUSIONS
Sternal foramen constitutes relatively common variation with great radiological, clinical, and forensic significance. Incidence in this study was encountered 14.2%. Presence of a SF with irregular bony margins complicates considerably radiological differential diagnosis, since SF may rarely feature these characteristics. Awareness of this important anatomic variation is fundamental for clinicians and autopsy pathologists, in order to avoid severe fatal complications and elucidate the exact cause of death, respectively.
